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S .. :-:<?::t Cuoldo· .. m of TXI-2 

R. C. hrnold Three Mile Island 

As part of the overall plan for placing TMI-2 in a long term 
stable mode, the reactor will be placed into naturul circulation. 
Preliminary to the natural circulation transition, a decrease in 
primarJ plant temperature will be required. It is proposed ~~a~ 
the ini~ial step in this direction be taken irnmedi~tely by 
steaming down on the A generator by opening further the turbine 
bypass valve. It is anticipated the prim~ry system would be 
cooled !rom its present 2as• to approximately 220• - 230•. The 
attachoent to this memo briefly reviews several of the considera­
tions relating to the steamdown. The end point confi~uration of 
the reactor does not appear to result in any ~dditional risk, 
current emergency procedures should be adequate and tha system 
will be in a stable mode. ' . . I 

~.~n~ i 
R. F. Wi!lson 
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1 . Method: 

a) Steam !rom 5/G A to the main condenser controlling flow 
with the tt\rbine bypass valves. 

b) A slow c~oldcwn irate less than l0°Ffhour will be specified. 

c) Maintain pre~;~~e at about 1000 psi. Controlled dep:essuri:a­
tion is permitted t~ check g~s concentration. 

i 

d) Continue dcgass t nq at maximum rate. 
j 

e) :·!onitor core thermocouples, ~eutron monitors and noise levels 
to determine any a ncmolous output. 

. 
·~ 
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( l) Cegu at A. 
to 1\, 

Lower pressure (A~A') while dagassing, then return . 
l 

(2} Cor.~inue design/instatlation of st~tic & active syst~~~ !or 
pri::-.a:-y makeup/level control and secondary cooling syste::2 !or 
S/G "B". 

(3) Reduce tempe~ature (1\-+3) by ste~minq on "A" S/G. Ve:-ify 
op~r~~ility o£ secondary cooling syste~ for "B" S/G. 

I 
(4) At a, establish solid cooling to "8ft S/G, und when stable, isolate 

"A" S/G. I . 
• (5) Re~~ce te~perature (R~C) with S/G "B". As soon a~ po~sible, start 

solid operation with "A" S/G, with modification pj(q to be dete~incd. 
I 

(6) At C, trip RC Pump "A"' and establish n;sLural circul~&tion in "A" and 
"B" loops. i 

(7) ?.edt:ce prir..ary p:essure to va~ue to be de~ermincd (C~ D). 
I 

(B) '!'~ke pri:nary system solid 
system • 

.END POUlT 

activ~te new ~U/prcssure control 

?:-!mary: t:iltural circulation, solid water, long te~ ?/V co:~t:ol 
Secondary: Solid water, long term heat durr.p %#:{Stem 

•1 . 
! . 
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~--------------------------------------------------------------------·-

!.:.£}1r.ic~l Issues 

~. Ef~ect en Shutdo~n ~arcin t Eo:o~ 

':he reduction in RC templ!ratu:-e f:otn 280° to 230~ ::- will :;lightly 
dcc:~a~e the cor~ shutdown margin. However, the exp~cted change 
in re~ctivity i~ s~all in comparison with the a~uun~ of excess 
boron concentration in the coolant. For ex~~ple, for a clean 
core with all rods at zero power, . the requir~d boron concentra­
tions are as follows: 

Temperature , 
l 
' 

1o• F 
1
i 

~- ~ 
A= 462•F 

I 

Keff 

0.99 
0.99 

Boron Cone. 
ppm 

1057 
..2.ll 

4 • 316 ppm 

Thus, an incre~se of only about .S0/462 x 316 ~ 34 ppm boron should 
co~pcn~ate for the temperature reduction. In actuality, the boron 
concentration is currently in the 2600 - 3400 ppm range, such that 
adequate shutdown margin will be rnain~ained (calculations from FSAR). 

B&W analysis on TMI-2 criticality evaluates a broad spectrum of 
fuel configurations ranging frorn the intac~ core to homogenous 
solutions oF uranium and water (references A&W submittal to Met-Ed 
entitled, 'Safety Evaluation In!ormation for Transition to Natural 
Circulati~n Cooling", dated 4/11/79, Section 3.9). 

j 

!he conservative calcul~~ions and the assumptfonfi on t.he co~e 
configuration have• led B&W to reco~~end a boron concentration of 
3000 ppm. They have confirmed that lowering temperature from 
28~F to about 2JO•F does not affect their recor.~endations on 
criticality or boron concentration • 

• 
Further, nucle~r instrumentation will be monitored during cool­
down to confirm th~t adequate shutdown margin is maintained. 

The effect o! reducing ~C temperature from 280°F to abOut 230°F 
will be to decrease the boron solubility in the coolant. However, 
in the temperature range of intHrcst (280° - 230.F) the boron 
solubility is mora than a factor of ten greater than expected 
boron concentrations. (e.g., boron solubility at 200"' F is about 
44000 ppm) As a result, the te~perature reduction should have no 
significant effect· on boron precipitatJon. 

Calculations by CPUSC Jndicnte ~hat in the ternper~turc and boron 
concentration range of intcr~st, dccrea~ing temperature 280° -
23o•r decreases reactivity. The reason for this is that in this 
t~perature range the change in eros~ section is gre~ter than the 
chAnge in ~oderation due to den~ity change. 

98 . . , 

- .. .. --··-----·--------------



h. £y~:c= G~~ Cocsider~tions 

ll 

2) 

3) 

4) 

• 

Since pressure h~s been as low as ~bout 300 p:i~ ~n~ con:crva­
t ivcly assuming th~~ tho RC was saturated wtth non-concl~nsiblus 
at 300 psi~, 2B0°F, the concentration of H2 woul~ be ~out 52 
ppm. At 1000 psia, 2B0°F, the concentration would be 175 ppm 
if saturated, and at 1000 psia, 2J0°F, the ~ntur~ted conc~n~~a­
tion would be 115 ppm. Clearly a decre~:;e in tP.I':'Iptc>r<~ture from 
280°F to 2~0°F would not cause non-condensibles to come out of 
solution since th~ · existing H2 conc~ntrdtion is below the sa~ura­
tion 'concentration at 1000 psia and 230°F.• 

I 
~educing RC temperature from 2S0°F to 230°F would tend toward 
reducing solubility of H2 in the makeup tank which would impro~o 
degassing effectiveness. 

I 
Lower RC temperature would tend to reduce fla~hing and amount 
of gases coming out of solution in the letdown lJne. Assuming 
the major pressure· drop is ac~oss the letdown coolers, two phase 
flow could exist in downstream piping and tilters. This will 
reduce total mass tlow rate due to the high vol~etric flow 
easociated with the two phace condition. A reduction in te~pera­
turo would therefore tend to increase m~ss flow rate and improve 
the degassing effectiveness. 

' l 
Solubility of N2 , o2 , and H2 is shown in the at~~ched ft~p1re. 
Note that in each case a reauct.ion in te:nperature fror.t 2a0°F 
to 230°F would result in a reductian in q~s solubility in the 
makeup tank. i 

I 
I 
l 

I 

' Multiply pp~ by 1~.2 to obtain cc/kg. 

I 
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-~. ,/e:.;s el ?reS!O'.lrc - 're:nperature Li:ni:.s 

ac~a:~nce : 0. A. Roy m~mo to E. ~ogers cl~ted ~/10/75 (tran:~i:tal 
Wl54) - e :JS p.m. 

D&W has cv~luated the reactor vessel usiny conservative flew ~i~e 
~:;sur.:ption:o (1/4 of vessel shell or no~zle thicknC!;S) and , in 
a~c::o::dar.ce with the ASN!: Code, Section III, Appemlix G and hils 
p::ovi~ed :-:et Ed wit:.h allowable RCS prcs:;u:-c us a ftinc:tjon o! systoro 
te~perat'.lre. (See attached curve from referenced memo.) 

I , 

T~e curve shows that for temperatures above l60' P, th~ =1~tcm 
pressure can rise to the setpoint of the pressurizer safety reliefs 
(2500 psi) without concern. The runge o! temp~ratures during this 
evolution (2so• F down to about 200• F or whatever lower temperature 
can be achieved by steaming) are covered by this limit (2500 p~i) 
und, therefore, no S?ecial precautions need be considered to l~it 
pressure. I 

I 

B~W has confirmed that eooldown rates ~qual or les~ th3n lO.F/hr 
h.3vc no adverse effect on vassal or system integrity. 

98 /"1~0 
\.) ' I I . 

· ~ 



~. 1 -,a~: on Contingency Pl~n~ 

n =evie~ of the e~istin;: ccntinge~~'l pl~n= prep~rvc c~ u~c~= p:e?a:a­
t:on !or the cu~rent ?l~nt conditions ClOOO psig, 235 ' F, s~eu~in9 on 
";.." steam gcr.erator, l RC? running in t!le ";'j" loop) '"''"!: ::~ace, and it 
w~s concluded that no changes need be made to accnmmorlate the chan;e 
!=~~ 2so•p to about 220•F (or whatever ~inimum temperatu:e c3n be 
achieved while stel1ming) _ • . Contingency plans will be :evised to 
reflect !utu:~ changes ;~ state not covcrcc in thi~ propo~al (such 
as changln9 the cooling mode from steaming to solid ~ater, ch~nging 
pressure from forced to natural circulation). Conting~ncy plans are 
constantly being updated: to reflect improving knowledsc of the 
~xpectcd plant behavior ~n each mode of operation. 

j 

I 
I 
I 
I 
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·:ne core !lood t.3nks shnuld not he :.!"fected by this c:ccldo•o~n. 7'hey 
:-.'tould ::e::::ain in th~i= e::<isting condition, val•Jed out '" i t h :~2 
c \:<!rpress~re. 
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Cer.e:al thermal considerations ~el~ ting to ~he co:~ cooldowr. ~~cc~ 
fo~ced c1rculation incl~de the fol~owing : 

l. Incr~ase~ subcooli~g would i~provc core hc~t trun~f~: ~nd reduce 
the degree of nucleate boiling th~t m~y be ·occur~ing in the core. 
It is co"aide:ed preferrable to k~ep fuel rods of uncertain 
:r.cch.:mic~l condition immersed in subcooled water than to permit 
local boiling which could lead to the pos~ibility of pockets of 
steam in obstructed ~egio~s. 

2. Lower RCS temperature reduces the ris~ of flashing in the event 
that ~n unox~ected p~essu:e reduction occurs. Fl~~hing could 
have advt!rse consequences in i1 core of uncerta L'"l mechanical 
stability. j 

I 
3. Reduced temparil.ture should provide some miner reduction in ~~e 

general st~ess on sy~tem components subjcc~ to ncs und cont~in­
mcnt environment. : 

4. In the Cil.Sa of an RCP trip, a lower temperil.turo provides a 
g::ea::er system heat Sink capability (primary and secondary Wl!.ter 
an~ syst&m materials) and, therefore, provido~ more time for 
action. The additiohal margin to Sil.turation (as long as pressure 
is held constant) also provides additional time for orner9oncy 
response. ln terms of natural circul~tion, a luw~r temperature 
starti~g poinL provi~es a gre~ter margin ~o hot log boiling, thus 
mAximizing the potentiAl for preservation of natural. circulation. 

s. Lower temperatures in the RCS p~P.sent no siginificant di~~dvantage 
in terms of the e~ergency initi~tion ot nutural cir~ul4tion. 

98 0
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i f :hc:e are any unexpected :cculcs fr== t!:is cooldo~~. the 
C~? l ution is cornplc~ely :ever~ible by recluci~; or elimi~a~i~~ 
the s:eam flow to the condenser letti~; the P.CS he~t ~?· The 
slow ra~e . o£ cooldow~ per~its e~sy ident.i=ica:ion o! problems 
a~cl time to rc3ct shoula proble~s occur. 

98 . .. 



Curr~a~ ac~ivities to c~veloo cor:e!~ticr.~ so th~t prcszcriz~: 
lev~l can be inferred !iom oihcr rneasu~n~lc plant par~metcrs 
~hc~ld not b~ affected by this minor change in pl~n~ te~pe:ature. 
Pressurizer lev~l must be maintained during ~he c oolcown by 
adciing makeup to ~he sy4tem to co~pen~ate fer thermal contraction. 
If prc~suri~er level bcco~es cnnvailbble, the coolcown should be 
halted ~r.til the actions necessary to infer pres~urizer level can 
be done or pressurizer level indication car. be re~tored. When 
the cooldown to about 220°F is comoleted , the test u~ed to estab­
lish the correlation betwP.en rate of chanse o! pressure as a 
function of prcssurizer:level will be repeated to ensure the data 
base for in!errinq pressurizer .level is still applicable. 

I 
I 
i 
I 
: 
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P:~~~ry coolant leakage :is not €Xp~c~ec ~o be affe:~ed notice­
ably by the proposed cooldown • 
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Precaution!: 

il) 

bj 

C) 

;. procedure to ilc:c:o::~pl ish th.i!i r:vol ·.:~icn will ~e i:J.:-cvice::. 

A sluw cooldown rate of r.ominally 2- ,~F will be ~p~c:if i~ 
be~cd on the judge~ent that ~oving slowly is in no WilY a 
disadvantage and has several advantages incl~ding reildy 
reco~nition of changes in conditions and easy reversibility. 

l 

Source r~nge instrb~entation will be monitored for criticality, 
noise monitors wil~ be monitored for abnorr.~l indica~ions, and 
core thermocouples. will be monitor~d for ahnurmal t~mper~ture 
!luc:tua~ions. Specific guidance on action levels will be 
provided in the procedure for cooldown. 

- I 

/ 
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